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Abstract  
The present study aims to design and develop a force air system of eggs incubator to incubate various types of eggs through a 
conveyor rotating system. This incubator was equipped with temperature and humidity sensors to measure and control the 
condition in the incubator. The incubator body was fabricated by stainless steel that provides less bacterial cross contamination 
between the incubator and the hatched chicks. It was designed to automatically change the parameters to the suitable condition to 
fit the various types of eggs. Direct current geared motor with low speed was used to rotate chained steel mat at the bottom and 
automatically change the position of egg to avoid the embryo sticks onto the shell. The entire elements were controlled by 
microcontroller devices to process the data from sensors and execute the control element of the machine. LabVIEW system was 
applied for temperature and humidity data recording. The evaluation of the shaft for egg turning system was analysed. The safety 
factor was determined at 5.88 by manual calculation and 9.6 by software simulation respectively. This indicated that the safety 
factor of the shaft has achieved the required standard which must be higher than 0.99. The test run experiment on quail eggs, 
showed the stable temperature in incubation chamber of 37.5 oC and 49.86 % of relatively humidity (RH) were achieved. 
Therefore, the usage of conveyor instead of turning 45o for eggs rotation system has shown the potential to replicate natural 
hatching and produce higher hatching rate of 94.17 %. This machine also provides an accurate temperature and humidity 
condition in the incubator as well as less bacterial cross contamination.  
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1. Introduction 
  Incubator is well known as the trendy technology to hatch quail eggs without involving its brooding parent. The 
obvious difference between natural and artificial incubation is the process where natural parent provides warmth by 
contact rather than surrounding the egg with warm air. There are several important elements in the incubation 
technique which are including the element of humidity, air and the effect of heat element consumption during the 
incubation process. All of these elements are crucial to achieve high percentage rate of completion for the incubation 
process. There are various forms and versions of incubator designed either manual, semi-automatic or automatic 
entirely. Still air incubator with no exhaust fan is unable to circulate the air. Therefore, forced air model is widely 
used because it has an exhaust fan to circulate the hot air to maintain the level of heat, moisture and oxygen content 
in the incubator [1]. Forced air model is equipped with an automatic rotator which rotates the eggs at least twice a 
day. Humidifiers are of several types, some are actuated by wet bulb systems while others are designed to maintain 
humidity by a simple water reservoir surface area system [2]. Neither both of these systems can be used effectively. 
Temperature, humidity, ventilation and turning are the factors that affect the incubation process. These factors 
should be monitored thoroughly in depth. This study aims to design an experimental system for eggs incubation and 
hatching which is able to control the temperature and humidity accuracy for various types of eggs by conveyor 
rotation system. The scopes of the study covered designing and fabricating an eggs incubator which the temperature 
and humidity conditions are automatically controlled using a microcontroller through the conveyor rotation system. 
 
Nomenclature 
RH relative humidity  
DOQ  day one quail 
 
2. Egg hatching incubator 
Incubation is the process by which birds hatch their eggs and development of an embryo within the egg. The 
most vital factor in incubation is the constant temperature which is required for its development over a specific 
period. The act of sitting on the eggs to incubate them is called brooding. In most species, body heat from the 
brooding parent provides the constant temperature. Additionally, humidity is important to provide sufficient 
moisture during the incubation process to avoid dry atmosphere that can make hatching becomes more difficult. As 
incubation proceeds, an egg will normally become lighter, and the air space within the egg will become larger, 
owing to the evaporation from the egg. To date, there are two types of incubator in the market which are forced air 
incubator and still air incubator. Forced air incubator has an exhaust fan to circulate the air inside the incubator 
while the still air incubator is using the convection air exchange in and out where the hot air will come out and cold 
air will enter through the ventilation holes. The recommended temperature for incubation process is also different 
for both types of these machines [3]. The effect of excessive heat or less heat on fertile eggs affect the bone 
development of the chicks when it is placed in an incubator chamber, and the recommended temperature for 
Japanese Quails is 37.5±0.5 qC with hatching day around 17 to 19 days. Overheating is more critical than under 
heating because it will speed up the rate of development causing abnormal embryos development in early stages, 
and lower the percentage of hatchability [4]. Humidity is the other major important parameter, during the embryos 
bone development stage. During incubation (embryonic development) moisture is lost from the eggs through the 
tiny holes on the shell; this increases the air cell size, which after 19 days of incubation occupies about one third of 
the eggs [4]. Turning mechanism ensures the embryo is fully developed and in position to hatch when the eggs are 
positioned in the incubator. Eggs are placed vertically with the air cell at the top of the eggs in common practice. 
Any eggs that are positioned on their side should be turned along their long axis. This indicated the eggs are set to 
45q angle, after a 90q turn whilst they face 45q in the other direction [5].  
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3. Methodology 
3.1 Project system 
 The temperature and humidity adjustment were set automatically according to the specifications determined by 
the users on the display monitor. Eggs were placed into the incubator once the temperature and humidity are 
consistent. Eggs were turned by the conveyor system at least 2-3 times daily to ensure a high percentage of hatching. 
The entire system was controlled by the microcontroller. This incubator consists of three elements that need to be 
controlled which are movement, temperature and humidity. Coil heaters were used to supply the appropriate 
temperature to the eggs. The percentage of moisture inside the incubator was controlled consistently by the exhaust 
fan and water. It is to ensure that the moisture and ventilation are in good condition. Nevertheless, sufficient 
moisture is needed to ensure the embryo eggs do not stick together with the egg shell. Geared motor was placed on 
the tray of eggs to change the position of the eggs with mechanical system. In addition, microcontroller was used to 
monitor and control all of these elements. This controller processed the data from sensors and changed the 
temperature as well as the humidity conditions in the incubation machine. 
 
3.2 Project development 
This study is divided into four main sections which are the design of mechanical systems, design of the housing 
parts, electrical system design and lastly design of the user interface. All the parts were joined together for the 
purpose of developing an incubation chamber. Incubation chamber must be placed in an enclosed area such as a 
room in order to protect the eggs from dramatically weather changes. This enclosed room should be well ventilated, 
so that it can provide an adequate fresh air to maintain the temperature and humidity conditions. The main important 
components need to be analyzed is the new design conveyor shaft as shown in Figure 1. 
 
 
 
 
 
 
 
 
 
      Fig. 1. New conveyor system                           Fig. 2. Shaft 
 
Figure 2 shows the shaft in the new conveyor system. SolidWorks software was applied to simulate the data. It 
displayed the results of the analysis in the form of contours and colors. Shaft design that has been analyzed is the 
critical part in mechanical systems. This analysis was conducted to determine the ratio between the estimated design 
with SolidWorks software simulation and manual calculation. In test run, quail eggs were chosen as the sample to be 
incubated. 
 
4. Result and Discussion 
Figure 3 shows the results simulated by software simulation. The safety factor for the shaft was indicated at 
minimum value of 9.6 and maximum value of 1.12130 x108. Von Misses stress was analyzed at minimum value of 
0.000596097 Mpa and maximum value of 79.8 Mpa as illustrated in Figure 4. The part is suitable to be 
manufactured and used in the conveyor system. 
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                  Fig. 3. Safety factor                                         Fig. 4. Von Misses stress                                        Fig. 5. Prototype 
The assembly process started from constructing the housing parts, mechanical systems, electrical systems and lastly 
the installation of the microcontroller for user interface. The prototype installation is shown in Figure 5. 
Table 1. Incubation parameters 
Incubation conditions 
Stage Temperature [Ԩ] Turn eggs 180° Humidity [RH %] 
Vent opening 
[%] 
Earlier stage(1 to 7 day) mean temperature㸸 1st to 14th day 
every 6 hours 
40㹼63 0㹼20 
Middle (8 to 14 days) 37.5 ± 0.5 Ԩ 44㹼63 20㹼50 
Final stage(15 to 17 days)   No Rotation 48㹼63 50㹼100 
Table 1 indicates the ideal hatching temperature for quail eggs is between 37 ºC and 38 ºC (98.6 – 100.4 ºF). 
Reaction takes place at the wrong rate if the hatching temperature is too high. This will decrease the chances of the 
embryo to develop normally.  
Table 2. Sample data for dew point humidity and temperature 
 
 
 
 
 
 
Based on sample data derived from Table 2, the hatching temperature increased gradually from 32 °C to 37.5 °C for 
up to 17 days. Humidity is one of four primary variables which must be controlled during egg incubation followed 
by variables of temperature, ventilation and eggs turning. The moisture content in incubation chamber is dependent 
on the ambient temperature. Therefore, humidity is the most difficult variable to be measured and controlled 
accurately owing to the unpredictable climate in Malaysia where sometimes rainy, warm and cloudy. The rate of 
entry of air into the incubator which is controlled by the vent opening was indicated at 49.86 % relative humidity in 
average.   
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The porous nature of egg shells allow water to pass through the eggs and dry out slowly whether being incubated or 
not. The amount of water that an egg loses during incubation is important and this was determined by the humidity 
levels within an incubator in this study. All eggs have an air space at the round end and when water is lost through 
the shell it is replaced by air drawn through the shell into the air space which gradually increases in size. The results 
indicated that the greater the water loss through the shell, the larger the airspace. This air space plays a crucial part 
in incubation to provide the first air to the fully developed chick and movement space for it to maneuver into 
hatching position. Temperatures and humidity conditions were found to be consistent because of the use of a highly 
sensitive microcontroller in this incubation chamber and the insulation of double layer stainless steel wall. Table 3 
shows the high hatching rate at average of 94.17 % for 80 eggs in average of 16.33 days.  
Table 3. Test run for quail eggs 
 
 
 
5.0 Conclusion  
This incubator provides many advantages such as easy to handle for various kinds of eggs, portable, affordable, less 
cross contamination of bacteria and the most important is high hatching ability. This incubation machine was 
indicated to maintain a high hatching rate at average of 94.17 % for 80 eggs in average of 16.33 days. This is due to 
the accuracy of the temperature levels, air intake, humidity and horizontal eggs rotation. After three test run, 
observation showed that day one quails (DOQ) was developing in normal condition and did not suffer from any 
disability. Data for temperature, humidity and the effect of horizontal rotation eggs can be recorded and stored 
consistently by using microcontrollers. Current data collected will be studied in greater depth and will be used for 
future research. 
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Parameters Number of Eggs Hatch eggs hatchability  Average Hatching 
1 st Incubation Quail eggs 80 74 92.50% 17 days 
2nd Incubation Quail eggs 80 76 95% 16 days 
3rd Incubation Quail eggs 80 76 95% 16 days 
